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Abstract 

The purpose of this analysis is to find out the effect of making triangular notch at central base of fin on natural convection heat 

transfer. In case of horizontal fin arrays (L/H~5) [1], it is observed that the air entering from both the ends gets heated as it 

moves  towards  the  centre  of  the  fin  channel,  as  well  as it  rises due  to decrease  in  density.  So, a stagnant zone is created 

at the central bottom portion of fin array channel and hence it does not contribute much in heat dissipation [1]. In this 

experimental investigation, material from this stagnant portion is removed in the shape of triangular notch from the central 

bottom portion of fin and added on top side to modify its geometry for analysis. The fin weight remains same. Three types of fin 

arrays have been analysed that are fin array with 0%, 20% and 40% notch. In this analysis heat input is varied from 50W to 

200W in the interval of 50W analysis is done till steady state conditions. In this analysis decrease in heat transfer coefficient is 

observed for 20% and 40% notch fin than fin without notch.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Now days we want compact devices which makes overheating problem possibility more, because of reduction in surface area 

available for Heat Transfer. So Optimization of fin heat transfer area and geometry becomes very important. 

II. NEED OF INVESTIGATION 

Generally in natural convection heat transfer with vertical fin array on horizontal fin base, it is observed that single chimney flow 

pattern as shown in fig. 1 is observed. In single chimney flow pattern, there is sideway entry of the air in case of natural 

convection cooling of fin array. So the air coming inwards gets heated as it moves towards the center of the fin [9] and this 

heated air it rises up due to decrease in density. 

 
Fig. 1: Single Chimney Flow Pattern 

So, the central portion of the fin becomes ineffective because hot air-stream passes over that part and therefore it does not 

bring about large heat transfer through that portion. To  optimize  the  fin geometry  some  portion  of  this  stagnant  zone  is  

removed  in  various  shapes  and  sizes  and  its  effect  on  other parameters are studied in this investigation. 
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 Area Compensation Method: A.

 
Fig. 2: Area Compensation Method with Triangular Notch 

In  this  investigation,  the  fin  flats  were  modified  by removing  the  central  fin  portion  by  cutting  a  notch  of triangular  

shapes  and  adding  it  at  the  top of fin surfaces, where  it may be more  effective  and thereby keeping fin surface area same 

with height increases. Experimental analysis is done for three types of arrays mainly Fin array without Notch, Fin with 20 % 

(notch) area removed and compensated, Fin with 40 % (notch) area removed and compensated. 

III. COMPUTAIONAL ANALYSIS 

 Size of Fin Arrays: A.

Table -1:  

Size of Fin Arrays 

Parameters 

Type of fin array 

Fin array without 

Notch 

Fin with 20 % (notch) area removed and 

compensated 

Fin with 40 % (notch) area removed and 

compensated 

Height 85 mm 102 mm 119 mm 

Length 175 mm 175 mm 175 mm 

Height of triangle - 70 mm 110 mm 

Base of triangle - 85 mm 108 mm 

Size of baseplate 106.5 mm x 175 mm 106.5 mm x 175 mm 106.5 mm x 175 mm 

Fin spacing 12 mm 12 mm 12 mm 

Number of fin in a array 7 7 7 

Thickness of fin and 

baseplate 
1.5 mm 1.5 mm 1.5 mm 

 Description: B.

Computational  fluid  dynamic,  results  are  very close to the experimental results obtained. Ansys Fluent-14 software is used for 

Computational fluid dynamic analysis. The fin surfaces, with base are assumed as a  source, held at uniform  temperature.  

Laminar  natural  convection  is  the mechanism for heat transfer from the fin array. Radiation heat loss  is  not  considered 

here.Geometry creation and meshing is done in ANSYS-Workbench. The 3D geometric model  of  fin without notch and notch 

fin array is created. Figure showing the 3D geometry model which is created in ANSYS Workbench consisting the fin array  

assembly  and  enclosure  for  natural  convection condition. 

Top surfaces is assigned pressure inlet where air enters and all  the  remaining boundaries are assigned as pressure outlet 

where air leaves the channel at the ambient  temperature T∞. Here the ambient  pressure  is  used  as  stagnation  boundary  

condition with the incoming mass having the ambient temperature. The static pressure is assumed equal to the pressure of 

surrounding atmosphere. For seeing results and plots CFD-POST is used [11]. Fromgraphics and  animation,  contours  of  

temperature  at  various surfaces are viewed. In this work the temperature distribution  profile  on  the fin is  obtained  which was 

used to  calculate  the  heat  transfer  coefficient using formulaes. 

Contours for all fin array set up is captured for [11] various heat flux  like 10732 W/m
2
, 8050 W/m

2
, 5366 W/m

2
and 2683 

W/m
2
, which are equivalent to 50 w, 100 w, 150 w, and 200 w respectively. 

 Temperature Contours: C.

Due to use of area compensation method height of fin increased for 20 % and 40 % notch fins. It is observed from temperature 

contours that with increase in height tip temperature goes on reducing for 20 % and for 40 % notched fin arrays than without 

notch fin array. 
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Fig. 3: Temperature Contour for Fin without Notch at 100 Watt 

 
Fig. 4: Temperature Contour for 20 % Notch                  Fig. 5: Temperature Contour for 40 % Notch 

Fin at 100 Watt                                                      Fin at 100 Watt 

 Velocity Contours: D.

Here velocity contours of all types of fin are shown. It is seen that single chimney flow pattern is maintained for notch as well as 

without notch fin. 

 
Fig. 6: Velocity Contours for Fin without Notch and Fin with 20% and 40% Notch 

IV. PROCEDURE FOR CALCULATION 

The formulae that are used for calculating heat transfer coefficient are taken from book, “Heat Transfer’’ by J. P. Holman 

 To Find Average Temperature of Fins (Tf ): 1)

Tf = 
                    

 
 

Where, T1, T2, T3, T4, T5, T6 and T7 are the temperatures of tip of fins in ° C. 

 To Find Temperature of Whole Body (Tbody): 2)

Tbody = 
     

 
 

Where, Tb are the temperatures of base plate in °C 

 To Find Temperature Difference Between Body (Tbody ) & surrounding temperature (Tsurr): 3)

δT = ( Tbody - Tsurr ) °C 
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 To Find Mean Film Temperature (Tm): 4)

Tm = 
           

 
°C 

From this temperature find out following properties of fluid 

υ = kinematic viscosity of the fluid, m
2
/s 

Pr = Prandtl number 

k = thermal conductivity of fluid, W/mk 

 To Find Coefficient of Volume Expansion (β): 5)

β = 
 

      
 k

-1
 

 To Find Grashof Number (Gr): 6)

Gr = 
       

 

  
 

Where,  

Lc= height of the fin, m  

 To Find Rayleigh Number (Ra): 7)

Ra = Gr*Pr 

If 10
4
< Gr*Pr< 10

9
, then,  Nu = 0.59 (Gr*Pr)

1/4
 

If 10
9
< Gr*Pr< 10

12
, then,  Nu = 0.59 (Gr*Pr)

1/3
 

 To Find Heat Transfer Coefficient (h): 8)

Nu = 
   

 
 

Where, h is heat transfer coefficient, W/m
2
k 

Using these formulae h is calculated. 
 

V. RESULT 

After  performing  calculations, results  were tabulated  and  a  comparison  was  made  also graphs was obtained, which clearly 

shows effect of notch made in this way with thisdimensions on heat transfer coefficient.  
Table -1:  

Results of Computational Analysis at different heat input 

Heat Input, Q 

(watts) 

Heat transfer coefficient h  in W/m2k 

Fin without 

notch 

Fin with 20% (Notch) area removed and 

compensated 

Fin with 40 % (Notch) area removed and 

compensated 

50 6.6982 6.22 6.006 

100 7.4215 7.05185 6.969 

150 7.894 7.5758 7.493 

200 8.22 7.933 7.84 

Based on these results different graphs are plotted, which are given and discussed below. 

 Variation of Heat Transfer Coefficient (h) for Computational Analysis: A.

 
Fig. 6: Variation of H with Heat Input for Different Fin Arrays Based on Computational Result. 

From information of table 2 graph 2 is drawn. From graph it can be observed that with increase in heat input heat transfer 

coefficient (h) also increases for all types of fin arrays whether it is notched or without notch fin array. Heat transfer coefficient 
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for notched fin is less than without notch fin. There is approximately 8.41 % reduction in heat transfer coefficient for 20 % notch 

fin over fin without notch. There is approximately 10.7 % reduction in heat transfer coefficient for 40 % notch fin over fin 

without notch. 
 

VI. CONCLUSION 

Computation alanalysis is done three types of arrays mainly fin array Fin without Notch, FIN with 20 % (notch) area removed 

and compensated, FIN with 40% (notch) area removed and compensated. I have used this area compensation method by 

removing material from center in the form of triangular notch and adding at top of fins. The conclusions were drawn from this 

analysis are given below. 

1) Heat transfer coefficient is lower in notched fin array compared to without notch fin array. 

2) There is approximately 7 % reduction in heat transfer coefficient for 20 % notch fin over fin without notch. 

3) There is approximately 10 % reduction in heat transfer coefficient for 40 % notch fin over fin without notch. Means 

with increase in notch heat transfer coefficient goes on reducing.So making notch in this way is not effective method for 

increasing heat transfer. 

4) With increase in heat input, heat transfer coefficient (h) also increases for all types of fin arrays whether it is notched or 

without notch fin array which pattern matches with the pattern of all researchers. 

5) Single chimney flow pattern is maintained in all three types of fin arrays. 
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